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ABPL: 

A noninvasive medical treatment system includes a support for supporting a patient in 
a predetermined posit inn and a frequency generator for generating essentially 
monochromatic electromagnetic energy of a frequency selected from a plurality of 
different treatment frequencies predetermined to selectively destroy organic 
molecules of respective types specific to a plurality of different kinds of human 
tissue. A selector is operatively connected to the frequency generator for selecting 
the one frequency from among the different treatment frequencies produceable by the 
frequency generator. The system further comprises radiation transmission and guidance 
components disposed between the frequency generator and the support for directing the 
energy from the frequency generator to predetermined target tissues internal to the 
patient supported on the support and for concentrating the energy on the target 
tissues. A scanner is disposed proximate to the support for obtaining 

thrpp-di mpns-i onal data as to an organic structure internal to the patient so as to 

enabling a posi t-i onal tracking of the target region. The scanner including means for 
continually updating the thrpp-di mpnsi rmai data during a medical treatment procedure. 
A computer is operatively connected to the scanner for continually monitoring 
location and shape of the organic structure during the medical treatment procedure. 
The computer is operatively connected to at least one of the frequency generator, the 
transmission and guidance components, and the support for controlling that element in 
response to the t hr pp - d i mpns i nna 1 da t a from the scanner during the medical treatment 
procedure so that the energy impinges on the target tissues for sufficient time to 
effectively eradicate the target tissues, whereby the medical treatment procedure is 
performed despite movement of the organic structure during the medical treatment 
procedure . 



This invention relates to a medical treatment system. More particularly, this 
invention relates to a medical treatment system with scanner_Lopiijt. Even more 
particularly, this invention relates to an automatic treatment system with control 
based upon scanner i npnt . This invention also relates to an associated method. 

BSPR: 

Substantial advances have been made in the last twenty years in ascertaining internal 
organic structures without surgery. CAT scanners and nuclear magnpt.i r rpsonanop — (NMR ) 
imaging devices, as well as ultrasonography, have provided the physician with 
powerful tools for use in diagnosing patients. For the most part, these scanners have 
been used solely in medical examinations and diagnosis. However, radiological 
treatment of brain tumors has used imaging equipment to locate target tumors and to 
direct radiation to the target location. In addition, U.S. Pat. No. 5,207,223 
discloses the directing of a necrosis-causing X-ray beam to cancerous target tissues 
upon the locating of the target tissues by the comparison, with reference data , of 
electronic images garnished by diagnostic beams. ! 



Another object of the present invention is to provide such a technique and/or such a 
system which utilizes data obtained with a thrpp-di mpnsi onal scanning apparatus. 

BSPR: 

A noninvasive medical treatment system comprises, in accordance with the present 
invention, a support for supporting a patient in a predetermined posi t i on and a 
frequency generator for generating essentially monochromatic electromagnetic energy 
of a frequency selected from a plurality of different treatment frequencies 
predetermined to selectively destroy organic molecules of respective types specific 
to a plurality of different kinds of human tissue. A selector is operatively 
connected to the frequency generator for selecting the one frequency from among the 
different treatment frequencies produceable by the frequency generator. The system 
further comprises radiation transmission and guidance components disposed between the 
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frequency generator and support, for directing the enei^Mfrom the frequency 
generator to predetermine^target tissues internal to the prcient supported on the 
support and for concentrating the energy on the target tissues. A scanner is disposed 
proximate to the support, for obtaining i-hre>P-r H mpns-i nn ^i Hata as to an organic 
structure internal to the patient so as to enabling a positional, tracking of the 
target region. The scanner including means for continually updating the 
thrpp-di mensi onal data during a medical treatment procedure. A computer is 
operatively connected to the scanner for continually monitoring location and shape of 
the organic structure during the medical treatment procedure. The computer is 
operatively connected to at least one of the frequency generator, the transmission 
and guidance components, and the snppnrt for controlling that element in response to 
the threp-dimpnsi onal data from the scanner during the medical treatment procedure so 
that the energy impinges on the target tissues for sufficient time to effectively 
eradicate the target tissues, whereby the medical treatment procedure is performed 
despite movement of the organic structure during the medical treatment procedure. 

BSPR: 

In accordance with a feature of the present invention, the computer includes means 
for identifying a location and a shape of the organic structure after a shift of the 
organic structure, based upon the threp-dimensional data from the scanner. The 
computer exemplarily contains an identification module formed by generic computer 
circuit as modified by programming. The computer further includes a coordinate 
determination module for determining a change in posi ti nnal coordinates of the target 
tissues due to the shift of the organic structure and for determining an operational 
modification of the controlled element (one of the frequency generator, the 
transmission and guidance components, and the support) for delivering the energy to 
the target tissues after the shift of the organic structure. 

BSPR: 

In other kinds of operations, involving a slow movement of an internal organ such as 
the colon, the computer can move the support to rpalign the target region with the 
focal point of the radiation transmission and guidance components. Alternatively, the 
focusing element (s) may be actuated to adjust the focal point of the radiation to 
coincide with the shifted target region. 

BSPR: 

In accordance with another feature of the present invention, one or more 
photodetectors are disposed proximately to the support for sensing electromagnetic 
radiation emitted from the target tissues in response to excitation thereof by the 
selected treatment frequency. The computer is operatively connected to the 
photodetector (s) for detecting a change in spectral output of the target tissues in 
response to the selected 

BSPR: 

In a more specific embodiment of the invention, the frequency generator is capable of 
generating essentially monochromatic electromagnetic energy of two frequencies 
simultaneously, the selector being operatively connected to the frequency generator 
for selecting the two frequencies from among the different treatment frequencies 
produceable by the frequency generator. The transmission and guidance components are 
disposed between the frequency generator and the support- for directing the two 
frequencies from the frequency generator to the predetermined target tissues internal 
to the patient supported on the support and for concentrating the energy on the 
target tissues. 

BSPR: 

A medical treatment method comprises, in accordance with the present invention, the 
steps of (a) supporting a patient in a prfiriptgrm-mp d position, (b) automatically 
scanning the patient, (c) determining, in response to the step of scanning, 
posi r.ional coordinates of a three - d i mens j o nal target region which is internal to. the 
patient, - (d) operating a frequency generator to (I) select a predetermined frequency 
from among a plurality of different treatment frequencies produceable by the 
frequency generator and predetermined to be absorbable by organic molecules of ' 
respective types specific to a plurality of different kinds of human tissue and } (ii) 
to generate essentially monochromatic electromagnetic energy of the selected 
treatment frequency, (e) directing the predetermined frequency to the target region, - 
in accordance with the posi tional coordinates, (f) concentrating the predetermined 
frequency on the target region, (g) continuing to automatically scan the patient, and 
(h) automatically ceasing the directing of the predetermined frequency to the target 
region upon detecting a change in location of target region in response to the 
continued automatic scanning of the patient. ! 

BSPR: 

In one procedure pursuant to the invention, the method further comprises 
automatically determining new po si t i on a l coordinates of the target region after the 



2 of 7 



change in location there^W automatically redirecting the ^■determined frequency to 
the changed location of target region in accordance wi^^the new pngi t-i nnai 
coordinates, and concentrating the predetermined frequency on the changed location of 
the target region. 

BSPR: 

In one procedure pursuant to the invention, the method further comprises 
automatically determining when the target region has again attained the posi ti onal 
coordinates after the change in location of the target region, automatically 
redirecting the predetermined frequency to the target region when the target region 
has again attained the posi r.i onal coordinates, and again concentrating the 
predetermined frequency on the target region when the target region has again 
attained the posi tional coordinates. 

BSPR: 

A system and method in accordance with the present invention utilizes data obtained 
with a continuous scanning apparatus. Thus, the gathering of informal- ion and the 
control of surgical operations may be at least partially automated. 

DEPR: 

As illustrated in FIG. 1, a medical treatment system comprises a support- 12 for 
supporting a patient P in a predetermined pncH ^nn and a plurality of radiation 
generators 14 and 16 for generating essentially monochromatic electromagnetic energy 
having one or more distinct frequencies in the microwave, near millimeter, infrared, 
optical, ultraviolet regions of the electromagnetic spectrum. Each radiation 
generator 14 and 16 is connected via a wave guide 18 or 20 to a respective focusing 
device or lens 22 or 24. Lenses 22 and 24 are disposed between the respective 
radiation generator 14 and 16 and patient support 12 for concentrating the 
electromagnetic treatment frequency or frequencies, e.g., microwaves ME1 and ME2, on 
a predetermined focal point FP internal to a target region TR inside patient P. 

DEPR: 

A computer 28 is operatively connected to a CAT scanner or MMR type imaging apparatus 
30, possibly supplemented with ultrasonic imaging, juxtaposed to patient support 12. 
Scanner 3 0 provides computer 28 with continuously updated t-hrpfi-dimpnginnal 
structural data as to the organs of patient P surrounding target region TR. 

DEPR: 

Computer 28 is also connected to peripheral output devices such as a monitor 46 and a 
printer 48 (FIG. 1) for communicating to an operator, e.g., a surgeon, the results of 
three - d i mens i ona 1 scans of patient P. Computer 28 receives additional input- from a 
keyboard 32 and possible other devices such as a mouse (not illustrated) . Viewing 
three-rii mensi onal scanned organic structure of patient P on monitor 46 and/or on a 
print-out from printer 48, the surgeon or other operator selectively defines target 
region TR of patient P via keyboard 32 and the other instruction i npnt- devices (not 
shown) operatively linked to computer 28. 

DEPR: 

Target region TR may be additionally or alternatively defined by computer 28 in 
accordance with programming for the automatic identification of internal organic 
structures based on such previously defined parameters as shape, texture, density, 
and location relative to other organs. More specifically, computer 28 may 
automatically identify the location and general shape of a possible target region, 
the identification being implemented, for example, by a color coded outline on 
monitor 46. The surgeon then uses keyboard 32 and/or other i npnt devices to more 
precisely define the boundaries of target region TR 

DEPR : 

As an alternative or supplement to relocation control units 34 and 36, a shifting 

mechanism 38 is connected to patient support 12 and computer 28 for shifting the- - - -■ 

pos i f, i on of the patient P under the control of computer 28, thereby changing the, 
location of the focal point FP relative to patient P. ' 

DEPR : 

As illustrated .in FIG. 2, computer 28 includes several functional modules which are 
implemented by generic processor circuits modified by programming to perform specific 
functions. In particular, computer 28 includes a target tracking module 50 for 
monitoring and continually updating the location of the predefined target region TR. 
Target tracking module 50 thus enables the completion of an operation on an internal 
organ containing the target region TR despite movement or reconfiguration of the., 
organ due to (generally) involuntary muscular contractions of the patient. Target 
tracking module 50 receives continually updated r.hree-di mensi onal structural data 
directly from scanner 30, as well as organ location and shape informaf-inn from an 
organ identifier module 52 which is connected at an ~i n pnt to scanner 30. Identifier 
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module 52 accesses a mem^M54 for reference data to compe^^with the real-time 

thr^-riimpnsi rnial fteta f^W scanner 30. 



DEPR: 

Target tracking module 50 is connected at an i nput to a target definition module 56 
which receives instructions from keyboard 32 for defining target region T . Target 
definition module 56 is also connected to memory 54 and to scanner 30 for enabling a 
definition of target region TR by computer 28 in accordance with programming for the 
automatic identification of internal organic structures based on such previously 
defined parameters as shape, texture, density, and location relative to other organs. 



DEPR: 

Target tracking module 50 detects when target region TR shifts from an initial 
location and signals a radiation process control module 58 which then terminates or 
interrupts the transmission of the selected treatment frequency or frequencies to the 
patient. To that end, control module 58 is connected to a frequency selector module 
60 in turn connected to frequency generators 14 and 16 (FIG. 1) for arresting the 
emission of the selected treatment frequency or frequencies from frequency generators 
14 and 16. Frequency selector module 60 also implements the selection of the 
different frequencies, for example, one frequency to be produced by generator 14 and 
another frequency to be produced by generator 16. Frequency selector module 60 
additionally implements the setting of treatment parameters including rate of pulsing 
of the selected treatment frequency or frequencies, the interpulse interval, the 
pulse duration and the intensity of the radiation. If computer 28 automatically 
selects the values of radiation parameters radiation process control module 58 sets 
the parameter values in accordance with instructions communicated via keyboard 32 and 
treatment t-.ahl ^s contained in a memory 62 . 

DEPR: 

Target tracking module 50 can automatically determine new pnsi ti onal coordinates of 
target region TR after a change in location thereof. This function is particularly 
useful where internal muscle contractions and other organ movements cause an 
effectively permanent shift of the target region from the original location. In this 
case, in response to signals from target tracking module 50, control module 58 
automatically redirects the selected treatment frequency or frequencies to the 
changed location of target region TR in accordance with the new posi ti onal 
coordinates and concentrates the selected treatment frequency or frequencies on the 
changed location of the target region. Radiation process control module 58 is 
operatively connected to a lens operation module 64 which is in turn linked to focal 
point relocation controls 34 and 36 for modifying the focal points of lenses 22 and 
24 in response to signals from module 58. A support: positi oni ng module 66 is 
connected to process control module 58 and shifting mechanism 38 for inducing the 
repositioning of support 12 in accordance with signals from module 58. 

DEPR: 

A plurality of wireless signal emitters 68 are optionally attached to support 12 for 
providing computer 28 with reference points for use by target tracking module 50 and 
organ identifier module 53 to triangulate position coordinates of target region TR 
and the associated organ. Detectors 70 sense the signals produced by emitters 68 and 
communicate spatial locations to target tracking module 50 and organ identifier 
module 52 . 

DEPR: 

As described in U.S. Pat. No. 5,429,144, the disclosure of which is hereby 
incorporated by reference, the myocardium can be effectively revascularized by 
inserting stents directly into the myocardium from the left ventricle. The stents 
define passages or channels which extend from the left ventricle and terminate in the 
heart wall, thereby enabling the delivery of oxygenated blood from the left ventricle 
directly to the- myocardium, bypassing a blocked coronary artery. In accordance with 
the disclosure of U.S. Pat. No. 5,429,144, the recesses or channels are formed in the 
myocardium through the use of intravascular catheters. Those recesses or channels for 
revascularizing the myocardium may be formed noninvasively with the apparatus of FIG . 
1. In such a procedure, target tracking module 50 alerts process control module 58 
when the target region, a predefined part of the myocardium, returns to initial 
po s i t . i on coordinates. Module 58 then automatically redirects the selected treatment 
frequency or frequencies to the target region. Generally, a target region in the 
myocardium is irradiated during diastole, i.e., when the heart is relaxed between 
successive contractions. The myocardium- revascularizing channels or recesses formed 
in this procedure are capable of remaining open without the use of stents. It may be 
necessary to perform the radiation-mediated noninvasive operation several times on 
successive occasions to ensure that the channels remain open. The locations of the 
channels formed in a patient's heart wall will be stored by computer 28 for possible 
use by target definition module 56 in subsequent operations. 
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DEPR: 

The radiological treatment apparatus of FIG. 1 optionally includes a photodetector 
assembly or spectrometer assembly 26 comprising a plurality of individual 
photodetectors or scanning spectrometers 26a, 26b, 26c, 26d disposed proximately to 
patient support 12 for detecting electromagnetic radiation ER from the patient P. 
Radiation ER is emitted from organic cellular material at focal point FP in response 
to excitation of the cellular material by the treatment frequency or frequencies, 
e.g., microwaves ME1 and ME2. Generally, some of the target molecules in target 
region TR which absorb the incoming microwaves ME1 and ME2 are excited to 
photoluminesce and emit radiation ER. A part of radiation ER escapes through 
overlying organic tissues of the patient P and is detectable by photodetector 
assembly or spectrometer assembly 26. 

DEPR: 

Computer 28 includes a spectrographic analysis module 72 which is operatively 
connected to photodetector assembly 26 for analyzing the signals from the 
photodetector assembly to ascertain a spectral output of the organic cellular 
material which lumninesced at focal point FP. Inasmuch as the spectral content of the 
escaping radiation ER is differentially modified by the tissues through which the 
radiation passes, computer 28 is programmed to approximate the original spectral 
content of the radiation emitted by the excited molecular or cellular material at 
focal point FP. To that end, computer 28 is previously programmed to store, in a 
memory 74, known absorption spectra for different kinds of tissue. In addition, 
spectrographic analysis module 72 is provided with Mirpft-rlimpnsinnal structural data 
from scanner 30 and organ shape and location in format- -inn from organ identifier module 
52 as to the organs of patient P surrounding target region TR. From the kinds and 
thicknesses of the tissues between focal point FP and a respective unit 26a, 26b, 
26c, or 26d of photodetector assembly 26, computer 28 is able to reconstruct the 
original spectral content of the radiation ER emitted in a photoluminescence process 
by the excited organic material at focal point FP. Photodetector assembly 26 may 
include an array of individual photodetectors (not shown), as described in U.S. Pat. 
No. 5,3 05,748, the disclosure of which is hereby incorporated by reference. 

DEPR: 

Casing 156 is optionally provided with a plurality of i npnt ports 168a and 168b 
containing respective photodetectors 170a and 170b (FIG. 4) or optical elements (not 
shown) for transmitting incoming radiation to the photodetectors. 

DEPR: 

Electromagnetic frequency generators 172a and 172b may be laser sources producing 
output radiation transmitted along optical fibers of cable 152 (FIG. 3) to 
collimating lenses 180a and 180b, e.g., in casing 154, upstream of directional 
reflectors 174a and 174b. At any one time, generators 172a and 172b may produce the 
same frequency. In that case, radiation 160a and 160b combine at the target point TP 
to provide a sufficient intensity for not only for stimulating or exciting organic 
molecules within test region TRG but for degrading and destroying those molecules. 
The location of target region TRG or target point TP is determinable by a scanner 
such as scanner 30 in FIG. 1. Alternatively, an optical scanner with pattern 
recognition (see FIG. 5) may function in combination with an ultrasonic or infrared 
distance scanner (FIG. 5) to automatically determine the location of target region 
TRG or target point TP. The scanned is operatively connected to computer 178 for 
providing the computer with thre^-rii mpnsinnal structural data pertaining to the 
patient's internal organs. As discussed above with reference to FIGS, 1 and 2, 
computer 178 includes modules for tracking target point TP and automatically halting 
the transmission of treatment frequencies in the event of a shift in location or 
shape of an internal organ containing target point TP. Additionally, the target point 
tracking module of computer 178 enables the computer to continually or periodically 
transmit a treatment frequency or frequencies to target point TP despite a movement 
of the target point and- output ports 158a and 158b relative to one another. — — 

DEPR: 

The transmission of multiple treatment frequencies, which impinge upon the same 
organic tissues only at the target point TP, can provi ri^ in fnrma 1- -i on to computer' 178 
as to the location of the organic tissues, as described in greater detail hereinafter 
with reference to FIG. 5. Computer 178 is provided with feedback 182a and 182b as to 
the angles of directional transmission reflectors 176a and 176b, thereby enabling 
computation of the location of test region TRG. Components in FIG. 5 which are the 
same as components in FIG. 4 bear the same reference designations. FIG. 5 shows 
additional componentry for enhancing the operation of the medical investigative and 
diagnostic system of FIGS. 3 and 4. 

DEPR: 

To further facilitate this locating process, a distance sensing unit or scanner 196 
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is disposed in hand held^mt 150 and is connected to comj^^r 178. Distance sensing 
unit or scanner 196 inco^rorates ultrasonic or infrared di^Rnce sensors (not 
separately illustrated) to automatically determine the distance of the patient PT 
from casing 156. Concomitantly, computer 178 is able to determine the location of 
test region TRG or test point TP within the patient from the infnrmafinn regarding 
the location of the patient relative to hand held unit 150 and the location of the 
test region TRG relative to the hand held unit. 

DEPR: 

Further locating componentry in the form of a wide angle camera (e.g., a charge 
coupled device or CCD) 198 may be provided on hand held unit 50. Camera 198 is 
connected to a pattern recognition circuit 200 and a. position identification 
component 202 which cofunction to determine over what part of the patient PT point TP 
is located. Pattern recognition circuit 200 and posi ti nn identification component 202 
are incorporated into or connected to computer 178 for facilitating the locating 
function thereof. 



DEPR: 

Computer 178 may select intensity or amplitude measurement results which conform to a 
modulation signal, as sensed by amplifier 192. In additional, a polarization detector 
or analyzer 208 with concentrating i nput elements 210 is connected to an i nput of 
computer 178 for providing the computer with da±a pertaining to the polarization 
characteristics of incoming radiation arriving from irradiated regions of the 
patient . 

DEPR: 

The transmission of multiple treatment frequencies, which impinge upon the same 
organic tissues only at the target point PT, can provide information to computer 178 
as to the location of the organic tissues, as described in greater detail 
hereinafter. Computer 178 is provided with feedback 182a and 182b as to the angles of 
directional transmission reflectors 176a and 176b, thereby enabling computation of 
the location of test region TRG. 

DEPR: 

As discussed hereinabove with reference to FIGS. 3 and 4, the investigative system 
may transmit two different frequencies through a patient to a target point TP or test 
region TRG. Each frequency or radiation beam 160a and 160b is transmitted along its 
respective line or path 162a and 162b. Lines 162a and 162b extend through the patient 
at angle al relative to one another. The angle al is determinable by computer 178 by 
•input 182a and 182b regarding the orientations of directional reflectors or 
transmitters 174a and 174b. Frequencies or radiation beams 160a and 160b are 
transmitted simultaneously. 

DEPR: 

The determination of which treatment frequencies are to be used for performing a 
particular operation on selected target tissues is made in accordance with 
i n forma ti on as to tissue spectral responses. These spectral responses are collected 
as described in U.S. Pat. No. 5,482,041, the disclosure of which is hereby 
incorporated by reference. 

CLPR: 

2. The system defined in claim 1 wherein said computer includes means for identifying 
a location and a shape of said organic structure after a shift of said organic 
structure, based upon said thrgp-rii m^nsi nnal data from said scanner, said computer 
further including means for determining a change in posi ti onal coordinates of said 
target tissues due to said shift of said organic structure and for determining an 
operational modification of said one element for delivering said energy to said 
target tissues after said shift of said organic structure. 

CLPR: — • .. !. ■ - 

7. The system defined in claim 1 wherein said one element is said support, further 
comprising means operatively connected to said computer and to said support, for 
moving said support in response to a signal from said computer after a shift of said 
organic structure. 

CLPR: 

12. The system defined in claim 1, further comprising a photodetector disposed 
proximately to said support for sensing electromagnetic radiation emitted from said 
target tissues in response to excitation of said target tissues by said selected 
treatment frequency upon concentrating thereof on said target tissues. 

CLPR: 

14. The system defined in claim 1 wherein said frequency generator is capable of 
generating essentially monochromatic electromagnetic energy of two frequencies 
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simultaneously, said sel^™.on means being operatively coi^^ted to said frequency 
generator for selecting Sffd two frequencies from among a^Kirality of different 
treatment frequencies produceable by said frequency generator and predetermined to be 
absorbable by organic molecules of respective types specific to a plurality of 
different kinds of human tissue, said concentrating means being disposed between said 
frequency generator and said support- for directing said two frequencies from said 
frequency generator to said predetermined target tissues internal to the patient 
supported on said gnpporr and for concentrating said energy on said target tissues. 

CLPV: 

a support for supporting a patient in a predetermined posi t.i on ; 
CLPV: 

concentrating means disposed between said frequency generator and said support for 
directing said energy from said frequency generator to said predetermined target 
tissues internal to the patient supported on said—SupponL and for concentrating said 
energy on said target tissues; 

CLPV: 

a scanner disposed proximate to said support for ohta-ining thrgg-n-i mp nsinnal data as 

to an organic structure internal to the patient, said organic structure including 
said target tissues, said scanner including means for continually updating said 
thrpp-fii mpnsi nnai data during a medical treatment procedure; and 

CLPV: 

a computer operatively connected to said scanner for continually monitoring location 
and shape of said organic structure during said medical treatment procedure, said 
computer being operatively connected to at least one element taken from a group 
consisting essentially of said frequency generator, said concentrating means and said 

support for controlling said one element in response to said three - d i mpn si onal data 

from said scanner during said medical treatment procedure so that said energy 
impinges on said target tissues for sufficient time to effectively eradicate said 
target tissues, whereby said medical treatment procedure is performed despite 
movement of said organic structure during said medical treatment procedure. 
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